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1. SDMHARY 
The objective of t h i s  program is t o  design, d e w l o p ,  and d e l i v e r  

muItice!,l r e g e n e r a t i v e  hydrogen-oxygen f u e i  c e i i  a s u e d ~ i i e s  tis. t : r i  .,let 

Propulsion Labt>ratorics, Pasadena, California. The work is b e i n g  ca r r i ed  

out under JPL Contract q350253 (Fuel C e l l  A s s e m b l i e s ) ,  

The mjor ac~or-p3is!i-?tnts b2 r ing  t h e  f i r s t  q u a r t e r  consisted o f  t:ic 

mechanical design cif  thk first n u l t i c e l t  u n i t  a s  well a s  t h e  materio? 

studies and conponefit t es t s  f o r  t h i s  u n i t .  

t e a t  procedurcs were e s t a b l i s h e d  fo r  all component p a r t s .  

F a b r i c a t i o n  techniques  and 

The mJor accomplishroclnts du r ing  the second q u a r t e r  c o n s i s t e d  of t h e  

f a b r i c a t i o n ,  a s sembly ,  and p r e l i m i n a r y  r e s t i n g  of the f i rs t  f u l l  scale 

p r o t o t y p e  u n i t .  Neat t r a n s f e r  design c a l c u l a t i o n s  were a l s o  conducted  
- I  uc&r ing  t k t s  p c i  s*d. L ! i i s  r. 2' r :  { :&*&&;  f5i.S Tc" 

f o r  the  thrcac %)nth  p p r ; i d  f r p ?  I r  O~t. . : Icr  1'$)6t t >  15 ..a*:::ar;< :"61. 

The w j o r  accvnplis!-irGl ~ t s  d u r i n g  thf  s per iod  c u n s i s t r d  c f  test  in,: C;ie 

f i rs t  f u l l  s c a l e  p r o t o t y p e  2 n i t ,  c m d u c t i n g  additiLma1 s i n g f c  ct" !i 

component t e s t s ,  a s  well 3 s  i n i t i a t i n g  t!ie developrient o t  t h e  f i n a l  

u n i t s .  A t o t a l  o f  25 c y c l c  t e s t s  Eiaue bccn  conduct rd  on the f i r s t  

p r o t o t y p e  (which ccnta ins  31 ser i e s  connected  c e l l s ) .  The power o u t p u t  

of t h i s  unit was found t o  range from 28 wat t s  a t  f anp t o  176 w a t t s  a t  
2 8 aEps. 

volts (1.64 v o l t s ! c c l l )  on charge  and 25 v o l t s  (0 .8  v r l l t s / c c l l )  ~ _ t n  

discharge .  

h r s  w i t h  l i t t l e  or not  f l w t  charge. The f l m t  charge req11ircmtnts were 

found t o  increase r a p i d l y  w i t h  s t a t e  o f  charge bevond t h e  2 5  3r.17-Yr Icvr!. 

The lower discharge ? i n i t  w a s  iortnd t o  be equivalent  t3 a p p r r x i m t e l y  

E amp-hrs. S t u d i e s  werc i n i t i a t e d  t o  dett.rmliie the ~ 3 ' 3 s ~  f o r  the 

Typical opera t ing  vol tages a t  4.5 amps (30 m.a./cm ) a r e  Sl 

The upper c a p 3 c i t y  lizit o r  t h i s  u n i t  was found t o  he 20 anp- 

i n a b f l i t y  of t h e  unit t o  d i s c h a r g e  below t h i s  l e v e l .  Cha rz ing  v o l t a g e s  
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'i were found to b e  r e l a t i v e l y  constant (wi th in  a few percent)  from the 

beginning to t h t  end of  t h e  charge per iod.  

found t o  be constant (wi th in  a i e w  percent) 

discharge period. 

of  the discharge per iod.  

that  s i g n i f i c a n t  increases  i n  the upper capac i ty  lirrit may be achieved 

by increas ing  e l e c t r o l y t e  bed thickness. 

u n i t s  w i l l  be dGuble that o f  t h e  curretst prototype. 

these u n i t @  was i n i t i a t e d  and has proceeded on schedule. 

t e s t  of the f i r s t  such u n i t  should he c a n d u c t e d  i n  e a r l y  February 1963. 

Discharge v o l t a g e s  were also 

for t h e  major port ion of t h e  

A gradual dec l ine  of  voltage was obwrved near the end 

Sing le  c e l l  component tes ts  have indicated 

The bed th ickness  o f  the f inal  

! k ~ e ! ~ p m e r ? t :  of 

Assembly and 

, 
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' I  

2 .  DESCRIPTION OF CELLS 

The f o l l o w i n g  s e c t i o n  c'-*itafns a d e s c r i p t i o n  o r  t he  f i r s t  f u l l - s c a l e  

p r c t o t y y e  8 8  w e l l  a s  t h e  final u n i t s  which are c u r r e n t l y  b c i n g  t a b r x a t e d .  

2 . 1  P r c t o t y p c  

Thc f i rs t  full-scale F r o t o t y p e  i s  shown i n  Fig. 1. Tiie twe gas 

c y l i n d e r s  ~ r ' c  n a d e  o i  3% stainless s t e e l  and iiave i n t e r n a l  dianeters 

of 12-112 i n c h e s  and w a l l  t l i i ckwsses  c > f  3!8 i xch .  The large c v l i x d e r  

e8c108rr the c e l l  stack and c o n t a i n s  ! iydrogtn  while t!ie small c y i i n d e r  

raclome the t e f l o n  bellows and c o n t a i n s  oxygen. Twrlvc-bolt l iolcs 

are l o c a t e d  i n  t h e  flanges nf each of t h e  c y l i n d e r s  as w e l l  as the base 

p l a t e .  Thc u n i t  is fastencd tileether w i t h  1 / 2  i nch  h i g h  s t r e n g t h  b o l t s  

a?d flexloc n u t s .  

4 - .  I r ,  1 -:& &a B 

p a s s a g e s  t o  cannec t  t h c  ? i y d r o g e n  a n d  )xygt-n n a n i f n l d s  of t1.e c e l i  s t a c k  

t o  t h e i r  r e s p e c t i v e  gas chanbers. The s a w  p a s s a g e s  are a l s o  c ~ n r , j . c t e d  

t o  external fittings in o r d e r  t h a t  t h e  u n i t  n a y  hc c>perated i n  t h e  

primary mode of o p e r a t i o n  a s  well as f o r  t h e  initial f l u s h i n g  p r o c e d u r e  

d u r i n g  s t a r t u p .  

Tile c n i t  c o n t a i n s  31 series connected c e l l s .  The c y l i n d e r s  

and base p l a t e  are connected to  the positive t e r m i n a l  of the cell stack 

and a n  i n s u l a t e d  l ead  p a s s e s  through the base p l a t e  and is connected 

t o  t h e  i n s u l a t e d  c e n t e r  b o l t  through t h e  c e l l  stack, which i n  t u r n  is 

connected to t h e  negative t e rmina l  of the c e l l  s t a c k .  

The c e l l  spacers  ( 7  inc i tes  diameter and 1 / 4  inch t h i c k )  a r e  

made of  n i c k e l  plated l u c i t e  (F lex  55). The main hydrogen and oxygen 

ma :~ i fo ld  h o l e s  arc l o c a t e d  o p p o s i t e  each c t h e r  on t h e  o u t s i d e  edge cjf 

each spacer.  Smell  O-rings are  used to  seal the m n i f o i d  passages. 



FIG.  1 FULL SCALE PROTOTYPE 
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I n l e t  hydrogen and oxygen r a n i f o l d s  within each  spacer connect  t h e  ~ a i n  

man i fo ld  l i n e s  t o  the i r  r e s p e c t i v e  e l e c t r o d e s .  

Both hydrogen and oxygen e l e c t r o d e s  are i d e n t i c a l  and c o n s i s t  

of  p l a t i n i z e d  porous n i c k e l  with 50 mg of p l a t i n u m  black p e r  s q u a r e  inch. 

The diameter of the electrodes i s  5 - 3 / 4  i n c h e s  and the thickness i s  22 

m i l l s .  A two-inch d i a m e t e r  hole i s  c u t  i n  t 5 e  c e n t e r  af each e l e c t r o d e .  

The e l e c t r o d e s  fit w i t h i n  3 r eces sed  area CIII e i t h e r  a i d e  of each spacer .  

The e l e c t r o l y t e  bed cc?sists  of t w o  layers  o f  sheet asbestos impregnated 

with 26 p e r c e n t  po ta s s ium itvdroxide s o l u t i o n  a t  0.60 gms o f  r o l u t b n  per 

s q u a r e  i n c h .  The o r i t s i d e  diameter o f  t h e  a s b e s t o s  l a y e r s  is 6-114 inchcs 

and t h e  t h i c k n e s s  o f  eaci-. sheet ( i n  t i i t  d r y  s t a r e ' b e f n r e  impregnat ion)  

i s  1/32 inch. A l - I f 2  inc i ,  d i ame te r  h o l e  is  cut  through the  c e n t e r  o f  

each l ayer .  

A teflon l t c l l cvvs  is fastened t o  t h e  back side of thc base p l a t e  

and serves as c i  pressure e q u a l i z i n g  d e v i c e  f o r  t h e  gases w i t h t n  each 

chamber. 

2.2 final Units 
The  f i n a l  c::its vi11 5e e s s t n t i a l l y  *\e szme a s  t'ic f i r s r  f u l l -  

s c a l e  p r o t o t y p e .  Thr.rc. ui;i, : ,owever, h e  t w o  d i f f c r c n c e s .  T!ie f i r s t  

is that each c e l l  t!:c f i : l a l  u n i t s  w i ? '  c ~ n t a i n  fou r  1a;:crs ri! t h c  

p o t a s s i u m  hydroxide impregnated n s b c s t o s  ( a s  ccrpared  w i t h  two l a y e r s  

f o r  t h e  p r o t o t y p e ) .  The second i s  t!lat t h e  mntcrial o f  c o n s t r u c l i o n  

of  t h e  gas  cylinders and base p l a t e  w i l l  be  an aluminum a l l L , y ,  6061-T6, 

f o r  t h e  f i n a l  u n i t  ( a s  compared w i t h  304 s t a i n l e s s  f o r  t h e  p r o t o t y p e ) .  

One m i n o r  d i f f e r e n c e  is t h a t  t h e  n e g a t i v e  e l e c t r i c a l  lead w i l l  

be taken out via a copper lead wire which passes through on i n s u l a t e d  

g l a n d  v i t h i n  t h e  f l a n g e  on the hydrogen c y l i n d e r .  

The final u n i t  w i l l  c l lntain 30 c e l l s .  The weigh t  o f  t!ie c o T l e t c  

unit i 8  e s t i m a t e d  o t  60 pounds. 
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3. PROTOTYPETESTIK; 

The f o l l o w i n g  s e c t i o n  g i v e s  t h e  r e s u l t s  o f  a l l  t es t s  conducted on t h e  

f i r s t  f u l l - s c a l e  p r o t o t y p e  assembly. 

Pre 1 irninary T e e t  8 

A s  i n d i c a t e d  i n  the l a s t  q u a r t e r l y  r e p o r t  (3079-Q-2) tttc i i r a t  

3.1 

p r o t o t y p e  had been cssembi~d with a s t a c k  o f  14 c e l l s ,  and p r e l i n i n a r v  

cycle t'csts were i n i t i a t e d  i n  t h e  t r u e  secanda ry  mode o f  o p e r a t i o n .  

The f i rs t  such tes ts  c o n s i s t e d  of  several s h o r t  c y c l e s  a t  t h c  2 amp-hr 

level. 

the 10 amp-hr l e v e l  was i n i t i a t e d .  I n  t h i s  l a t t e r  t e a t ,  t h e  u n i t  w a s  

Dur ing  t h e  l a s t  day of t h a t  r e p o r t i n g  p e r i o d ,  a longer cycle  at 

p l a c e d  on s t a n d  o v e r n i g h t  a t  t h e  li) amp-hr s t a t e  of charge  (which c o r r e s -  

ponded t b  gas p r e s s u r e  n e a r  100 p s i g ) .  A t  t h e  end of a 12-hr  s t a n d ,  i t  

was <:Sscrved that 3 m,all leak 3nd devclopcd w i t h i n  t h e  l a r g c  O-r ing  

groove i n  the  c v l i n d e r  f l a n g e  and had c a u s d  the gas prcsssures to  d r o p  

from 190 t o  80 p s i & .  

The a n i t  w a s  subsequen t ly  disassembled, t h e  s u r f a c e s  o f  t h e  

f l a n g e s  were remachined, and t h e  s u r f a c e  of t h e  b a s e  p l a t e  was p o l i s h e d  

i n  order t o  p rov ide  a better O-ring s e a l .  

Before c o n t i n u i n g  v i t h  t h e  l o n g e r  c y c l e  t es t s  a t  t h e  20 and 30 

amp-hr levels,  a proof  tes t  was conducted on t h e  newly machined g a s  

c y l i n d e r s .  This test c o n s i s t e d  of f i l l i n g  the gas e v l i n d e r s  w i t h  water 

and t h e n  a p p l y i n g  n i t r o g e n  gas p r e s s u r e  a t  600 p s i g .  The t e s t  r e s u l t e d  

i n  t h e  d e f o r m a t i o n  of t h e  f l a n g e s  and subsequent  l e a k s  w i t h i n  t h e  la rge  

O-ring. The d e f o r m a t i o n  ot tile flangcs made i t  i m p r a c t i c a l  t o  a t t e m p t  

t o  r e p a i r  them. New c y l i n d e r s  w i th  t h i c k e r  and s t r o n g e r  f l a n g e s  were 

i m c d i a t e l y  d e s i g n e d  and s e n t  t o  a n  o u t s i d e  vendor :cr f a b r i c a t i a n .  

6 



3.2 Rework 

During the p e r i o d  r e q u i r e d  f o r  f a b r i c a t i o n  of  t h e  nev c y l i n d e r s ,  

it was dec ided  t o  make s l i g h t  m o d i f i c a t i o n s  upijn and thereby improve 

t h e  performance of t h e  c e l l s  w i t h i n  the s t a c k .  Tho u n i t  w a s  t h e n  

c o m p l e t e l y  d i sa s sembled  and t h e  f o l l o w i n g  m o d i f i c a t i o n s  were =de. 

F i r s t ,  t h e  o l d  se t  of o ! e c t r o l y t e  b e d s  was d i s c a r d e d  and a new 

se t  was prepa red .  The new s e t  was made with a s l i g h t l y  smaller  o u t s i d e  

d i a m e t e r  (11’16 i nch  less) and a s l i g l i t l y  l a r g e r  i n s i d e  diameter ( 1 / 1 6  

inch  g r e a t e r ) .  The purpose o f  t h i s  change was t o  reduce t h e  a m u n t  of  

a s b e s t o s  on t h e  s e a l i n g  area w i t h i n  each c e l l  and thereby i r icrease t h e  

per unit area compression load ing .  

Ano the r  m o d i f i c a t i o n  was c a r r i e d  o u t  to’iiQ.pl..t t h e  breakdown 

of t h e  b a t t e r y  terminal a s  d e s c r i b e d  beiow. During t h e  c o u r s e  of 

assembling t h e  c e l l  s t a c k ,  i t  had been  observed t h a t  a smali amount of 

e lec tro ly te  had Seen  d i s l o d g e d  from t h c  c e l l s ,  d r a i n e d  t t 5  t h e  bot tom of 

t h e  c e n t e r  t i e  b o l t  a n d  becone a‘iis>rbed and r e a c t e d  w i t h  tile pheiiviic 

hiishint; which s e r v e s  a s  a n  i n s u l a t i ? r  bctwccr, t h e  b a t t c  r y  terninais .  ‘iilcn 

t h e  assembly was c113rged i n  t h e  50 t o  60 v o l t  r a n g e ,  tliis hush ing  had 

become burned out and caused or, i n t e r n a l  s h o r t  c i r c u i t .  I n  o r d e r  t o  

p r e n n t  t h i s  phenomena from o c c u r r i n g  a g a i n ,  t h c  amount ,jf c l e c t r o l y t c  

added t o  each  cell was c o n t r o l l e d  a t  a lower l e v e l  (1  gr? less  t h e n  t h e  

p r e v i o u s l y  employed anount of 20 gms) and as  an added measure t h e  p h e n o l i c  

bushing w a s  r e p l a c e d  w i t h  a nylon bushi?ig which i s  i n e r t  t o  t h e  b a s i c  

e l e c t r o l y t e .  

A f i n a l  m o d i f i c a t i c u  c.lnsistcd o f  c l c a n i q  a l l  c.f  t!?e e l e c t r o d e s  

b y  imnersing each one s e v e r a l  t i rvs  i n  b o i l i n g  d i s t i l l e d  water. T h i s  

p r o c e s s  had b e e n  e x p c r i n e n t a l l y  shown r o  r e s t o r e  t h e  a c t i v i t y  of uaed  

e l e c t r o d e s  which had b e e n  exposed t o  the a t n o s p h e r e .  The lmchlng 

p r o c e s s  removes t h e  e x c e s s  f i l m  of KOH s o l u t i o n  and possible contaminants 
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siicfi as CO, Which m v  have been  absarbed on the surfacr by rxpesure tn 

the a tmo sphere. 
L 

3 . 3  Reassembly 
Upon re - inspec t ion  o f  the nick.eL plated p l a s t i c  spacers ,  it was 

found that there wetc three  which were defective and were therefore  

d iscarded.  

and were dawgrd  s l i g h t l y  h y  t;-.c i n t c r n a l  e l c ~ c t r i c ~ l  s h o r t .  The t!iird 

was excess ive ly  corroded c7n :ts ? rrrarc.. T!it. C C . . S C  f o r  t h e  corrcision 

m ’ s t  \avc beer: a n  incclrlplcte nici e l  p l a t i n g  w h i c h  caused a c c e s s  and 

s11bsequer.t r c a c t i < > n  ni t:te y c c : t n s s i . i ~  hv2roxi .de w l \ i t  tc>.n uitir t1.t. su5strntc  

cl)pper l a y e r .  Thc u n i t  was tzit rr fnte  renssc-iblrd wftli 31  If th t .  , . r ig ina l  

3L c e l l s .  

Two af these spacers  had been adjacent to the  phenolic bushing 

The stack. o f  3: c e l l s  a thar nrountcd on t h e  b a s e  p l a t e  and 

vcitage prc5c.s were I?adc a f  cac.1; o f  the c c l l s  fo r  t h e  quasi-secondary 

type  o f  crpL*ration a s  described prevfous ly .  

10 p s i g  gas pressure, the v o l t a r e s  nf 33 of t he  c e l l s  ranged frur! 0 . 7 7  

to 0 . 9 6  v o l t s  and the v o l t a g c  of one cell bas 0 . 4 5  volts .  On chargr a t  

L.0 amps, t i c  vt’ l tapes  i f  a l l  3 1  < > P ’ ’ S  ranger’ ‘rc- 1 .5?  t-) 1 . 5 2  \ p r . l t s .  

i:!t i nit was t:.c.q c-:cIt,d 0 i : C I .  a t  t’ic 20 xip-::r l eve l  a:id t h i s  i k r t i e  c f  

operat it13 was teri i i iat i .2.  

On discharge at  2 amps and a t  

n, 

Tfie t e f l c n  I ~ c : ; ~  ws vas  noti::teC! c i i  the, !*rise p l a t t .  a s  show:1 i n  

Figiirc 1 and the a s s e d ~ l y  w3s p1acc.d w i t h i n  t h e  new gas  c y l i n d e r s .  The 

conpletcd assenbly  was instr\rrwntcd w i  t l i  hydrogen  2nd oxygen pressure 

qagcs and t w o  t h e r n o r o u p l r s ;  iJnc ‘ji which vas i n  contact w i t t t  a c c l ?  

inside the gas c y l i n d e r s  and one (’f which was i n  contact  with t h e  o u t s i d e  

surface of the gas c::linders. 

was replaced with 1 atmospiiere each o f  hydropcn and oxygci’ gases b y  

f lus t i ing  eacli c y l i n d e r  with i t s  respec t ive  gas f o r  severa l  h o u r s  at flow 

rates  of 1’1 c f h .  Tile completc assembly  was then ready fer t r u e  s e r o n d 3 r y  

ope r a  t io 11. 

Thr a i r  w i t h i n  each of the  gas c y l i n d e r s  

3 . 4  Voltage-Currcnt C h a r a c t e r i s t i c s  

The voltage-currcnt c i l o r a c t c r i s t i c s  c f  the u n i t  uerc  x a s i i r e d  

a t  the end of D 10 aip-hr  charge o f  the first c y c l e  (with gas pressures  
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n e a r  90 p s i g ) .  

charge and d i s c h a r g e  are shown i n  Pig. 2.  

t h e  vo l tage  and power e f f i c i e n c i e s  (which are n e a r l y  i d e n t l c a l  for the 
c e l l )  would be a p p r o x i m a t e l y  61 p e r c e n t  f o r  a c o n s t a n t  current cycle at  

1.0 amp a d  41 p e r c e n t  for a c o n s t a n t  current c y c l e  u t  8.0  amp. 

results also i n d i c a t e  that  power outputs ranged from 28.5 watts 8t 1.0 
arcp t o  176 watts a t  8 a q s  ( f o r  31 c e l l s ) .  

e x p r e s s e d  i n  cerrns of  v o l t s  y r  c e l l  versus  c u r r e n t  d e n s i t y .  

The r e s u l t s  cf the  v o l t a g e - c u r r e n t  m a s u r e m e n t s  f o r  bath 

Tine r e s u l t s  indicate that  

The 

The reeults rrwy a l s o  be 

T y p i c a l  
L optprating p o i n t s  a t  30 m . a . / c m  

vtjIt s / c e I l  an d i s c h a r g e .  

are 0.8 v o l t s / c e l l  on d i s c h a r g e  and 1.64 

3 . 5  Vnltagc-Tirnc C h a r a c t e r i s t i c s  

The v o l t a g e - t i m  c h a r a c t e r i s t i c s  of t h e  u n i t  f o r  a complete 

c h a r g e - d i s c h a r g e  c y c l e  are given i n  Pig. 3a. 

c y c l e  w a s  conducted a t  6.0 amps and t h e  d i s c h a r g e  was conducted a t  4.0 

amps for tlrc W j o r  p o r t i o n  of t h e  d i s c h a r g e  p e r i o d .  During the la t ter  

p o r t i o n  of t h e  d i s c h a r g e  period when t h e  terminal voltage began t o  d e c l i n e ,  

t h e  load was reduced t o  2.0 amps and f i n a l l y  to  1.0 8mp when t h e  l a d  

was r e r i v e d .  

The charge p o r t i o n  of the 

# 

It 9:it :Ild iv l i t . t e d  ct-.ar E X L ~ ~ C  r .: s h x t  :.erind of time a t  

tile 5eEinni:ig c f  cha rge ,  a s  wei: a s  t h e  beg inn ing  and end of d i s c h a r g e ,  

t h r  terTiila: v , ? ! t n g e  i s  r c l n t i s c l v  c.>ixstant for  the majnr p o r t i o n  o f  bo th  

c t la rg t  and d ischary , t  pc’riods.  

expiain t h c  g r a d u a l  r i s e  anc‘ Lcc l ine  o f  ~-.ol_tages a t  t h e  beginning of 

charge and disciiargc r e s p e c t i v e l y ,  i t  should h e  p o i n t e d  o u t  that these 

c h a r a c t e r i s t i c s  corretipoiid L O  t l iose of s i n g l e  c e l l s  arid a l s o  t h e  same 

c h a r a c t e r i s t i c s  a re  no ted  on o t h e r  t y p e s  of secondary b a t t e r i e s .  One 

p o s s i b l e  explanation i:ny be the  b u i l d - u p  and decay of surface f i l m s  of 

conpounds o t h e r  tltan I t y d r o ~ , e n  a n d  oxygen a t  lower v o l t a g e s  t h a n  t h a t  

r e q u i r e d  f o r  t h e  evolution of these gases on cliorgc and at h i g h e r  voltages 

t h a n  t h a t  a t t a i n e d  by the  r e a c t i c n  of  t h e s e  gases  on d i s c h a r g e .  

l a r l y ,  no complete  t=x;>iana t ion  i s  a v a i l a b l e  f o r  t h e  r a p i d  d e c l i n e  i n  

t e r m i s a l  voltage st t!ie end  o f  discharge even w i t h  r e s i d u a l  gas p r e s s u r e s  

a l t h o u g h  some i n v e s t i g a t i o n s  are c u r r e n t l y  b e i n g  conducted t o  e x p l a i n  

r i l t h c > u g h  no a t t e m p t  has been made t o  

S i m i -  
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this phenomena. 

t h e  e l e c t r o d e s  i n c r e a s e s  d u r i n g  d i s c h a r g e  t o  such an e x t e n t  that after 

a p p r o x i m t e l y  10 amp-hrs of d i s c h a r g e ,  t h e  c o n c e n t r a t i o n  of i n e r t s  w i th  

the e l e c t r o d e s  i s  so h i g h  a s  t o  c a u s e  the  " l i m i t i n g  c u r r e n t "  of the 

electrodes t o  b e  r e a c h e d ,  and a c o r r e s p o n d i n g  r a p i d  decline i n  terminal 

volta~e. 

It  i s  possible t h a t  an accumula t ion  of i n e r t  gaucs w i t h i n  

3.6 P r e s s u r e - T i m  C h a r a c t e r i s t i c s  

The  pressure-rime i h 3 r i i i i e r i s t i c s  for the sarr c y c l e  a s  above 

are g iven  i n  FiZ.  2b. Wi th in  the  l i m i t s  of expe r imen ta l  e r r o r  t h e  two 

gas p r e s s u r e s  were e q u a l  (and should  b e  S P  d u e  t o  t h e  a c t i o n  of  the 

compensat ing tc-l!on bc;!ovs) and t h e r e f o r e  o n l y  one g a s  p r e s s u r e  need 

bc p l o t t e d .  

The slcype of t h e  l i n e a r  presmre-time c u r v e s  c o r r e s p o n d s  v e r y  

c l o s e l y  uit?1 t h a t  which can be calculatd  f r o m  t h e  known c u r r e n t ,  c y l i n d e r  

volume, and e l e c t r c - c h e m i c a l  equivalent o f  L i i e  gases. 

The s l o p e  <-f t h e  various segments  of  t h e  p r e s s u r e - t i m e  cu rve  

vhen d i v i d e d  by the current gives 8 value o f  approx ima te ly  8 . 7  p s i /  

amp-hr . 
3 . 7  le-perattre- , 2 1 3 ~  Characrerist i r s  

The inf-err .21 toi-pvrat*t:  c of tile u q i t  ( l o c a t e d  on the o u t s i d e  

ed;;c cf 3 sy?nccr z t  t h e  e%:< f u r t h e s t  ~ W Z Y  f r ( - m  t f rp  hasp p l a t e )  for t h e  

sac= c y c l e  is s h o w n  i n  Fig. 3 c .  

The slope o f  t!ie t empera tu re  t ine  c u r v e s  can be q u a l i t a t i v e l y  

exp la ined  on tiic bas i s  of  a ccnbined  t r a n s i e n t  and s t e a d y - s t a t e  h e a t  

t r a n s f e r .  

periods ( t h e  t r a n s i e n t  s ta te)  the  major p o r t i o n  of t h e  h e a t  which is 

g e n e r a t e d  i s  abso rbed  b y  the t!iermal c a p a c i t y  of t h e  f u e l  c e l l  and t h e r e -  

f o r e  r e s u l t s  i n  a r c i a t i v e l y  r a p i d  r i se  o f  t c q w r a t u r e .  

l a t t e r  p o r t i o n  d f  t h e  above charge and disc!iarge periods, t h e  temperature 

of t h e  f u e l  c e l l  h a s  incre.md t o  such n p o i n t  t h a t  t h e  r a t e s  of heat 

g e n e r a t i o n  and t r a n s f e r  f r o m  the  cell are  nea r ly  i d e n t i c a l .  A t  this 

pofnt ( t h e  s t e a d y - s t a t e )  the c e l l  t e q x r a t u r e  is zearly  comt tan t  w i t h  

During tile i n i t i a l  p o r t i o n  of both the cha rge  and d i s c h a r g e  

During t h e  
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t i m e .  It should h e  po in t ed  out  t h a t  the d i f f e r e n c e  between t h e  steady-  

s t a t e  t e m p e r a t u r e s  for cha rge  and d i s c h a r g e  €a  due t o  t h e  f a c t  t h a t  the 

h e a t  g e n e r a t i o n  r a t e s  are d i f f e r e n t  for each phase  of t h e  c y c l e .  

3.8  S e l  f -Discharge  Charac t e r  i s t i c s  

The purpose  o f  t h e  second c y c l e  was t o  e s t a b l i s h  t h e  maximum 

c!iarge t h a t  t h e  u n i t  cou ld  accept and effectively r e t a i n .  I n  t h i s  t e s t ,  

the u n i t  was charged to t h e  25 anp-lir level ( a t  which t h e  gas p r e s s u r e s  

msched 211 psig!  and t h e n  placed on s t a n d  for 30 hours. During t h e  

f i r s t  few h o u r s  of t h i s  s t a n d  (see Fig. 4) ,  t h e r e  w a s  8 r a p i d  d e c l i n e  

i n  gas p r e s s u r e s  (aignifyitq &elf-discharge) from t h e  mxinum of  211 

p s i g .  Afte r  30 h o u r s ,  however,  t h e  rate o f  p r e s s u r e  d r o p  had d e c l i n e d  

t o  a v e r y  low level. E x t r a p o l a t i o n  cf t h e  p reasu re - t ime  curve  i n d i c a t e d  

a l e v e l i n g  o f f  o f  gas p r e s s u r e s  n e a r  165 psig ( c o r r e s p o n d i n g  t o  a state  

of charge  near 20 amp-hrs). This r e s u l t  s i g n i f i e s  t h a t  t h e  maximum 

charge  which t h e  u n i t  can e f f e c t i v e l y  r e t a i n  i s  approx ima te ly  20 amp- 

h r s .  The self-discharge from higher states of c h a r p r  most likely occurs 

v i a  d i f f u s i o n  o f  and subsequent  chemica l  r e a c t i o n  of  t h e  g a s e s  on t h e  

s u r f a c e s  of t h e  p l a t i n i z e d  n i c k e l  e l e c t r o d e .  

T p , r  -1z:: V i l b  slJbYe?qaic:;:lr~ ,!:srk..3rped z ? r  15 

l a t e r  i n  S e c t i o n  3 . f l .  

3 . 9  F l o a t  Charge Requirements 

A s e r i e s  c t f  f?ctat  charge  tests was conducted d t r r ing  t h e  la t l ter  

p o r t i o n  o f  tliis rcporting n c r i o d .  The o b j e c t i v e  of t!iese tests was t o  

e s t a b l i s h  t h e  f l o a t  c?iarqc c u r r e n t  r e q L i r e d  t o  m a i n t a i n  a g i v e n  s t a t e  of 

cha rge .  The t e s t s  were conducted b y  charg ing  t h e  u n i t  t o  a g iven  s t a t e  

of c h a r g e  a t  a f a s t  rate ( 6  arips) and then r educ ing  t h e  c u r r e n t  t o  a low 

f l o a t  cha rge  c u r r e n t  and observ ing .  t h e  charge i n  p r e s s u r c  w i t h  time o v e r  

an extended  pe r iod  o f  time. S t e e d y - s t a t e  gas  p r e s s u r e s  were u s u a l l y  

o b t a i n e d  i n  a p e r i o d  of about  10 hour s .  

The r e s u l t s  of t h e s e  t e s t s  a r e  shown in Pig. 5 .  The r e s u l t s  

i n d i c a t e  t h a t  v e r y  l a r g e  f l o a t  charge  c u r r e n t s  ( i n  excess r f  1 amp) would 

he required t o  m a i n t a i n  pressures g r e a t e r  t h a n  220 p s i  ( c o r r e s p o n d i n g  

t o  a s ta te  of cha rge  i n  excess of 25 arnp-hrs). On t h e  o t h e r  hand,  t h e  

3070 -Q- 3 1 7  
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results i r ? d i c c t e  t h a t  v e r y  minute f l o a t  cha rge  c u r r e n t s  (approximtely  

50 me) would b e  r e q u i r e d  t o  m a i n t a i n  gas p r e s s u r e s  near 165 p s i g  ( c o r r e s -  

ponding t o  ;1 s t a t e  of cha rge  near 20 amp-hrs). 

3.10 Capacity 

The capacity of the u n i t  may be d e f i n e d  as  t h e  d i f f e r e n c e  

between the upper s ta te  of charge which the u n i t  can m a i n t a i n  e f f e c t i v e l y  

over long periods of  t ime  and t h e  lower state of d l e c h a r g e  a t  which p o i n t  

the  terminal v o l t a g e  b e g i n s  to d e c l i n e  r a p i d l y  on d i s c h a r g e  a t  reasonable 

o p e r a t i n g  c u r r e n t s  o f  a t  leaet 1 amp o r  g r e a t e r .  

The upper  l i m i t  has a l r e a d y  been e s t a b l i s h e d  b y  the 30 hour 

s t a n d  t e s t  and t h e  ser ies  o i  f l o a t  charge t e s t e .  The r e s u l t s  i n d i c a t e  

t h a t  tile upper  limit v a r i e s  from 2’3 amp-hrs w i t h  l i t t l e  o r  no f l o a t  cha rge  

t o  25 amp-hrs a t  which p o i n t  t h e  f l o a t  charge r e q u i r e m e n t s  become 

excessive. 

The lower l i m i t  hcnrever, has n o t  clearly been  e s t a b l i s h e d .  

Based on t h e  resu l t s  o f  the fir.t 16  c y c l e s  (sec S e c t i o n  3.11), it  would 

appear t h a t  the lower l i m i t  is a p p r o x i n a t e l y  8 anp-h r s .  Based  ,)n t h i s  

r esc l t  then, ~t ~;ui:’ tc ;ita: , t * , * i v  h e  % a i d  t’-<): t : - s  # - > l , q i  ;ti. a f  t ’ , i s  

w i t , t i  3 50 - ‘ . 3 .  f i ~ i ~ t c  i i larfc-  1 5  appr>xi:-,?iltci:: 15 ‘imp-iirs. T h C r c b  3 rc  

i n d i c a t i o n s  iiowcvcr t!:at thc !.wer I i m i t  ra:; be d c p t l n d f n t  tipen t , :e  initial 

f l u s h i n g  and a 5 s e d ) i y  procc>durPs  and  the re fo r t .  tile above r c s u l t  s should 

n o t  b e  c o n s i d e r e d  c u n c l u s i v e .  A s i g n i f i c a n t  Fhasc o f  the t e s t i n g  

d u r i n g  the l a t t e r  s t a g e s  c f  this p rogran  w i l l  be t u  e s t a b l i s h  tlie f a c t o r s  

that c o n t r o l  the lower l i m i t .  

3.11 Lower Limit Tests 

One series of s h o r t  c y c l e s  (numbers 9 ,  19 and 11) was conducted 

from t h e  p o i n t  where t h e  lower l i m i t  was near  8 nnp-hrs .  These cycles 

c o n s i s t e d  of  a 10-minute cnarge a t  5 amps fol lowed b y  a c o n t i n u o u s  

d i s c h a r g e  a t  2 a n p s  u n t i l  t he  t e r m i n a l  v o l t a g e  f e l l  r a p i d l y  from its 

p l a t e a u .  The r e s u l t s  of t h e  t e s t s  i n d i c a t e d  a n  o u t p u t  i n  t e rms  o f  amp- 

h r s  o f  n e a r l y  tw ice  t h e  i n p u t .  The lower l i m i t  is t h u s  seen t o  d e c l i n e  

by  t h i s  method o f  t e s t i n g .  
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These tes ts  add some s u p p o r t  t o  t h e  b e l i e f  t h a t  the lower l h i t  

is  caused by a n  accumula t ion  o f  i n e r t s  w i t h i n  tlie e l e c t r o d e s ,  i.~., a 

s h o r t  charge would f o r c e  t h e  inerts back i n t o  tire gas chambers and t h e r e b y  

p e r m i t  more pure gases t o  r e - e n t e r  t h e  cells on subsequent  discharge. 

The presence of the i n e r t s  can be atrribumd to t w o  possible sources: 

the f i r s t  i s  t h a t  of the c m m e r c i a l  g r a d e  hydrogen and oxygen gases 

which were used ro f l u s h  t h e  c y l i n d e r s ,  and t h e  second; t h a t  t h e  atr 

i n i t i a l l y  in t h e  gas c y l i n d e r s  may have been i n a d e q u a t e l y  f l u s h e d  during 

s t a r t u p .  

These f a c t o r s  a r e  c i i r r e n t l y  being s t u d i e d  by t h e  use oi mrx?ified 

s tartup t echn iques .  The tec!iniqt:e involves tile e v a c u a t i o n  of the g a s  

chambers by means of a vacuum pump t o  25 i n c h e s  of mercury vacuum 

followed by the i n t r o d u c t i o n  of r e s e a r c h  g rade  oxygen and p r e p u r i i i e d  

hydrogen i n t o  their r e e p e c t i v e  c h a d c r s .  The p r o c e s s  is repeated f ive  

tides a t  u h i c h  p o i n t  i t  can be shown that t h e  r e s i d u a l  air c o n c e n t r a t i o n  

approaches t h a t  o i  tlie l e v e l  o f  i n p u r i t i e s  w i t h i n  t h e  h i g h  p u r i t y  gases. 

The f i r s t  cycle t e s t s  a f t e r  this new s t a r t u p  p rocedure  i n d i c a t e  a 
. .  . sc-;'i:a: l iuer  Ll-:i:, ~ , , : , w e ~ : r . r ,  ~ % t - -  z t - s ~ i t s  \ ~ i i l  :: 1~ i,e LL*t ,e lg l tvr  bntil 

a d d i t i o n a l  c y c l e  tes ts  arc  conpletcd. 

3.12 S u r r a r y  of  Cvcle  Tes t s  

A sur.atary c>f a l l  t h e  c y c l e  tc.sts conductcd t'n t h e  f irst  p r o t o -  

type i s  p r e s e n t e d  i n  F i g .  4 .  The r e a s o n  f o r  the selection of t h e  g i v e n  

c y c l e  d e p t h s  and t h e  p a r t i c u l a r  sequence of  c y c l e s  s!iown i n  tb.c f i g u r e  

h a s  been p r e s e n t e d  i n  t h e  p reced ing  s c c t i o n .  For t h e  sake of comp?ete- 

n e s s  however, a r ev iew of the c y c l e  tes ts  i s  p r e s e n t e d  below. 

Cycle  140. 1 was a p r e l i m i n a r y  t e s t  ta e s t a b l i s h  t h e  f u n c t i o n a l i t y  

of t he  r e c e n t l y  completed u n i t .  A s  i n d i c a t e d ,  t!ie u n i t  d e l f v e r c d  o n l y  

7 amp-hrs o f  t h e  10 amp-!ir i n p u t .  :!IC i n a b i l i t y  tc discharge fur t : ic . r  

was a t t r i b u t e d  t o  t h e  low gas p r e s s u r e s  (39 p s i g )  near tile end o f  

d i s c h a r g e .  

The purpose of Cycle No. 2 was t o  esta!) l ish t h e  m,axinurn cha rge  

that t h e  u n i t  could e f f e c t i v e l y  r e t a i n  and d c l i v e r  (see S e c t i o n  3 . 8 ) .  

m70-Q-3 17 
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T!le cyc -e  i n c - d e d  a 33 h w r  stand b e f o r e  clisshsrge per-sd w!\ich l a s t e d  

€or 13 amp-hrs. The i n a b i l i t y  o t  t h e  u n i t  t o  dissharr,e f u r t h e r  (with 

r e s i d u a l  gas p r e s s u r e s  n e a r  65 p e i g )  was at lirst a t t r i b u t e d  t o  gas 

nixing which m a y  have occur red  d u r i n g  the self d i s c h a r g e  period. 

t o  test this theory, t h e  r e s i d u a l  gases were vented to t h e  atmosphere 

and were rcplaced w i t h  " f r e s h "  hydrogen and oxygen gases from coamercial 

gas c y l i n d e r s .  L'pon a p p l i c a t i o n  of a load, tbe u n i t  was fuund t o  d l e -  

cha rge  an a d d i t i o n a l  2 amp-hrs. Tt; is  r e s u l t  a d d s  8ome s u p p o r t  t c t  the 

theory of gas nixing b u t  is by su? means c o n c l u s i v e .  

In order 

Subseqmmt ly ,  a series of 10 amp-nr c y c l e s  (cycles 3 through 6 )  

war Lnitlatcd i n  o r d e r  t o  r b s e m e  any t r e n d  which might deve lop  i n  

rc>gard t 3  tlic r a i s i n g  or  lowering of  the  ou tpu t - Inpu t  ratio. A s  i n d i c a t e d  

i n  Fig. 6 ,  a t r e n d  of p r o g r e s s i v e l y  h i g h e r  o u t p u t  was no ted  for each of  

t h e  above c y c l e s .  A t  t h e  end of  t h e  sixth c y c l e ,  tile t e s t i n g  p r o c e s s  

was i n t e r r u p t e d  for a two-day p e r i o d  in order t n  move t o  a new l a b o r a t o r y .  

T h i s  move necessitated t h e  release o f  the r e s i d u a l  gas p r e s s u r e s .  Upon 

r c i n s t a l  l a t i o n  a t  t i le new l o c a t i o n ,  the g a s e s  were r e a p p l i e d  and a n o t h e r  
-. I.?  amp-',^ T V C ~ ~ .  ( W U .  1 )  W ~ S  cepd1*c ted .  

Uy;.ri c o n s u l t a t  io$- L i t ! \  Lite 'fech7i:cal Honi t o r ,  it was d e c i d e d  

tc,  cont ir):ie c ; l c l i n g  a t  p r c p e s s i v e l y  1iigI:er i n p u t s .  The f i r s t  such 

t e s t  c o n s i s t e d  o f  3 s e r i e s  a i  12 amp-;lr c y t l c s  ( N u h e r s  e,  1 2  and i 3 ) .  

The second w r i e s  w a s  o f  1- arq-hr d u r a t i o n  ( K i d e r s  14, 15 and 16) .  A S  

N n d i c a t e d  i n  t h e  f i g u r e ,  higher  outputs w r e  o b t a i n e d  fo r  h i p f i t r  i n p u t s .  

The m a x i m  output f o r  the 15 unp-hr cycZcs was 1 3 . 8  smy-hrs. T h i s  

l a t t e r  r e s u l t  c u r r e s p o n d s  to a c u r r e n t  e f f i c i e n c y  of 92 p e r c e n t .  

The  pu rpose  o f  t h e  s e r i e s  o f  short c y c l e s  Numbers 9 ,  10 and 11 

was t o  LesL t h e  t h e o r y  n i  " i n e r t  gas b u i l d u p  os  d e s c r i b e d  i n  S e c t i o n  

3.11. 

UFO:: f u r t l i c r  c ( o c s u i t a t i o n  w i t h  tile T e c h n i c a l  N o n i t o r ,  i t  was 

decided to conduct t h e  i i oa t  c h a r g e  t e s t s  a s  d e s c r i b e d  i n  S e c t i o n  3.9. 

The f l o a t  cha rge  and subsc.c;nent d i s c l a r g e  were inc luded  i n  t h e  chart  

a s  c y c l e  No. 17. 
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Tne firer: series of cycles after the modified startup procedure 

are nunhers 18 through 24. The results i n d i c a t e  sone beneficial effects  

in regard to the lowering of the discharge limit, however, the resu l t s  

will not be conclusive until further  tests are conducted. 
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4. COMPONENT msfxru; 
I f  t he - " lower  l i m i t "  s t u d i e s  c s t a b l i s h  a method for p e r n i t t i n g  com- 

p l e t e  di,scharge of tkc i;n$t tc; t h e  zero s t a t e  o f  charge,  t!tcn t h e  maximum 

c a p a c i t y  o f  t h e  f i r s t  p r o t o t y p e  u a i t  w i l l  be approx ima te ly  20 mnp-hrs. 

The lat ter v a l u c  o f  c a p a c i t y  however i s  s i g n i f i c a n t l y  less t h a n  t h e  

mfnimum design Foal  o f  30 asp-hrs. I n  a d d i t i o n ,  i f  it is found t h a t  t h e  

z e r o  s t a t e  o f  charge cannot b e  r e a c h e d ,  the r p s i i l t a n t  c a p a c i t y  of 

a p p r o x i m a t e l y  15 amp-hrs v i 1 1  Sc only one-ha l f  of t h e  d e s i g n  g o a l .  

The i m p o r t a n t  q u e s t i o n  ariscis tiicn a s  t o  !low t h e  upper  l i m i t  pay be 

increased in 8nkr t o  i n c r e a s e  t h e  overall c a p a c i t y  of t h e  u n i t  t o  at 

least the 30 q - h r  level.  More s p c c i f i c a l l y ,  t h e  q u e s t i c n  may be 

asked a s  t o  t h e  c a u s e  f o r  t hc  h i g h  s e l f - d i s c h a r g e  ra te  beyond t!ie '10 amp- 

h r  l eve l .  One p o s s i b l e  a n s i ~ t r  t o  t h i s  q i i c s t ion  r a s  ? resen t ( -d  i n  

S t . c t i o n  3.8. Tlicrr I t  wn': -r"pc.;crI t h s t  t :e st-lf-dist::!ar;re J c c L r L i t  -:;a 

d i f f u s i o n  of  t h e  gases  tiirc,uzti t!tc a s l ~ c s t ~ ~ +  t cc!  and sribscqucbrit c ea1 

r c a c t i c \ n  o n  t h e  p l a t i n i z e d  s i c !  cl c l (1c t rodes .  T h i s  answer ;!?rears 

reasonable i.7. t h a t  t h e  a s b e s t o s  hcd is r e l a t i v e l y  d r y  and prrr.enh?e a t  

the 20 avp-hr s t a t e  of c!iarge fcr i t  has  l o s t  a p p r r ~ x i r ~ a t e l y  o : w - ~ i a l ~  ..f 

its i n i t i a l  water c o n t e n t  bv e l e c t r o l y s i s .  I n  a d d i t i o n ,  i t  is w e l l  known 

t h a t  hydrogen and oxypen eases do react c h c m i c 3 l l y  t o  f o n i  water o n  

plnt inun!  b l a c k  o r  rcon t e n p e r a t t i r e .  

F u r t h e r  examina t ion  o f  t h i s  problen s u p p o r t s  t h i s  c o n c l u s i o n .  The 

tlnly o t h e r  c o n c e i v a b l e  methods o f  s e l f - d i s c l i a r r e  would be gas leaks o r  

a n  i n t e r n a l  s h o r t  c i r c u i t .  Numcrous leal: t e s t s  and s t a b i l i t v  \ ~ l f  gas 

p r e s s u r e s  a t  t h e  100 p s i  l eve l  o v e r  ex tended  p e r i o d s  of  tinq have  

r u l e d  out t h e  p o s s i b i l i t y  o f  gas l e a k s .  The known h i g h  open c i r c u i t  

voltage a t  t h e  ?iigh state o f  chergc ( a p p r o x i m a t e l y  I.!? vo?ta/ce!!) 

combined w i t h  the known v o l t a g e - c u r r e n t  c h a r a c t e r i s t i c s  r u l e s  o u t  the 

c 



p o s s i b i l i t y  of  a n  i n t c r n a !  sho r t  c i r c u i t .  T?ie ar,swcr t1,cn n u s t  !>e 

c h m i c o l  r e a c t i o n  v i a  d i  f l u s i o n  tiiruugh t h e  asbestos Sed. 

A conven ien t  rind sirplc riethod for s o l v i n g  t h i s  problem appears t c  be 

the use of a r k i c k c r  electrolyte bed. It was reasoned t h a t  t h e  use o f  

such a bed vould ;?rc.vidc a d d i t i o n a l  water for  electrolysis and t h e r e b y  

increase the moisture c o n t e n t  o f  the bed a t  the higher states  of 

charge. The increased ncis t : i r t  c o n t e n t  a s  u ~ l l  a s  t h e  i n c r e a s e d  bed 

t h i c h n c s s  would, oi C ~ U T S P ,  ~ c d i i ~ e  ;he d i f f t i s i ~ z >  i r i i i t  and cc;>scq' :c :?r ! j .  

the s e f f - d i  scha rgc  r a t e  and t!icreby permit  the maintenance of a h ighc r  

s t a t e  o f  charge. 

Thc o n l y  absc,!die wt?%cd f o r  establishing t h e  v a l i d i t y  o f  such a n  

idea would be to b u i l d  a new p r o t o t y p e  with i n c r e a s e d  Sed t h i c k z e s s  and 

masurc i t s  capacity. T h i s  xethod would, o f  c - u r s c ,  b e  r a the r  time 

constiming. 

F o r t u n a t e l y ,  !lowever, i t  !tad been noted on  prev ious  s i n g l e  cell tests 

(when r u n  i n  the prinrary mode) t h a t  t h e r e  u c r e  o t h e r  pltcnomna a s s c c i a t e d  

w i t h  t h e  h i g h  s t a t c  of  c h a r g e .  T!ie f i r s t  o f  t h e s e  was e r r a t i c  d i sc i i a rpe  

b e h a v i o r ,  i . c . ,  f i~ i c t l i~ : i i i~ ! ! s  ( * f  vloltagc c 3 i l  l c a d .  The second of thesc  

w a s  the t n a b i l i t - :  c.?: :rc,d t o  v,tnstsnd J \ ! i n h t  ;,re S S U I P  d i i f ~ i ~ . . C ~ ~ ~  

d i  !css t h a n  1 p s i  ( a s  cT-parpd w i t ! )  t ' i c  a : > i l i c y  t o  w i t h s t a n d  scvc,ral 

p s i  i n  t ; i e  t:Tic.!1arycd s t - : e )  . 
Conseqiicnt!:., s in , : ic  c t . 1 1 ~  o f  t h t  f i r s t  p r . i t o t y p e  were machined t o  

a c c e m d a t c  3 d d i t i o t l 3 1  layers o f  e l e c t r v l v t e  bed and the above charac- 

t r r i s t i c s  Jcr(  n c s s u r e d  a t  ; ~ a r i o u s  stntc s of charge v i a  thr prinnr: :  

mode o f  o p e r a t i o n .  Erratic c e l l  behav io r  and s e n s i t i v i t y  t u  p r e s s u r e  

d i f f e r e n t i a l  above tlie 70  amp-hrs  1~3s found with t h r e e  layers of  a s b e s t o s  

and above 40 az?p-hrs w i t h  four l a y e r s .  T!lcse r e s u l t s  corrpare with the 

sinilarly 'Tbscrved b e h a v i o r  Yetween 20 a n d  25 axip-hrs for t!!c c r i r r v n t l y  

enployed t w o  l ayers  ci nshestos .  T h r s e  r c s g l t s  t h e n  w o u l d  i n d i c a t e  

t h a t  the minim: d c s i g n  goal o f  30 amp-tars c o u l d  be  a t t a i n e d  b y  t h e  u s e  

Q I  f o u r  l a y e r s .  

Before t i i t .  usc u f  tflt fcL.r ?aj.crs w3s s e l e c t e d  f o r  ~ 1 1 ~  f!nrr? u n i t s  

i:ouever, i t  w a s  d c c i d e d  t o  c v p o r e  thc v o l t a g e - c u r r e n t  c h a r a c t e r i s t i c  
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of the four layer cell With t h e  two layer c e l l  o f  the e x i r t i n g  prototype, 

Typical d i scbrg .  vol tages  a t  4 . 0  amps were found to be approximtely  

0.75 volts/cell for four layers as compared w i t h  0.80 v o l t s j c e l l  f o r  two 

layers. There results indicate very small ( 6  percent) loss i n  vo l tage  

would be associated with the use of  the two a d d i t i o n a l  layers. 

decision was therefore made t o  employ the four layers of a s b e s t o s  in 

each t e l l  o f  the f i n a l  unit. 

The 
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5 .  PboBIIzHAlUs 
One of the nmst severe problem a r e a s  t h a t  was discovered d u r i n g  t h e  

t n t t i a l  protct'ype t e s t s  was t h a t  of t h e  i n t e r n a l  e l e c t r i c a l  s h o r t s .  The 
short u s u a l l y  occur red  in t h e  m i d s t  of  a c h a r g i n g  cycle a t  which t h e  

terminal voltage war in t h e  50 t o  60 v o l t  r ange .  

exmination revealed t h a t  t h e  s h o r t  had occur red  across  t h e  insulated 

n e g a t i v e  tcrmiral which passes  through t h e  base p l a t e .  

and d i s c o l o r e d  mcrai i n d i c a t e d  s e v e r e  a r c i n g  had o c c u r r e d  at t h i s  ter- 

Disassembly  end 

A b lack  d e p o s i t  

minal. 

t h i s  t e n n i n a l  fro= the base p l a t e .  

bush ing  had abw- and reacted wi th  ~ o m e  potassium hydroxide  s o l u t i o n  

from t h e  c e l l ,  u u r f ~ q  t h e  bushing to be a good conduc to r  and l e a d i n g  t o  

the a r c i n g .  

use of r t y l c n  busi i ings  (ukich a r e  inert t o  t h t  KOA s l i u t i p n )  and c l o s e r  

cdqt ro!  over the ancunt  of e l e c t r o l y t e  added to t he  cells. T h e  problem 

will be  resolved on t h e  f i n a l  u n i t s  b y  changiriy t i ? ( .  1 \ c a t i o n  of  t!;e 

n e g a t i v e  terminal t o  t h e  f l a n g e  on t h e  hydrcsen  c y i i n d c r .  T h i s  r m d i f i -  

cat ic ln  would limit t h c  possibility o f  KOH c o n t o m i m t i o n  for t h i s  f lange  

i s  remote t o  tile c e l l  s tack .  T e f l o n  w i l l  b e  used tc' i n s u l a t e  the l e a d  

pass ing  through t h e  f l a n g e .  

The cause was t r a c e d  t o  the p h e n o l i c  bushing which i n s u l a t e s  

E v i d e n t l y ,  over a period of t i m e ,  thir 

The problem vas tentatively solved o n  the p r o t o t y p e  b v  t h e  

The phenonena of  KOH c o n t a E i n a t i o n  r e f e r r e d  t o  abnve may also be a 

problem on  the f i n a l  u n i t s .  Upon disaosembly  of the p r o t o t y p e ,  a s l i g h t  

water f i l m  c o n t a i n i n g  t r a c e s  o f  KOH was found (via a tes t  with pheno- 

p t h a l e i n )  on  b o t h  s i d e s  of t h e  base p l a t e  as well as on the i n s i d e  o f  

b o t h  gas c y l i n d e r s .  A l t h o u g h  t h i s  con tamina t ion  caused no c r i t i c a l  

problem i n  r ega rd  to  t h e  o p e r a t i o n  o f  the, prototype, i t  would mst l i k e l y  

l i m i t  t h e  performance o f  the f i n a l  u n i t s .  The r eason  f o r  t h e  la t ter  is 

t h a t  t h e  KOH W i l l  c o r r o d e  the aluminum t o  form hydrogen r e s u l t i n g  i n  

3070-4-3 ' 24 



bnth mixing ( i f  i n  t h e  oxygen c y i i n d e r )  and p r e s s u r e  unbalance ( i f  i n  

e i t h e r  c y l i n d e r ) ;  b o t h  phenomena of  which are known to cause d imin i shed  

c e l l  perfornrance. 

I n  o r d e r  to r e s o l v e  t h i s  problem on ttic f i n a l  unite, two s t e p s  will 

be taken, First, t h e  i n t c r n a l  surfaces of the cylinders a5 well 81 the 

base plate will be  coated with a n  a l k a l i  r e s i s t a n t  finish, e.g.,  n i c k e l  

plate  o r  epoxy coating. 

t h e  KOH l c v e l  v i t h i n  the cells. A s l i g h t l y  lower r a t i o  of the amunt o 

c l e c t r o f y t e  t o  t h e  a m u n t  o i  asbestos nay  be  used and 8peci.L care will 

be  takcn i n  the i n i t i a l  assci:b1? and p r c l i n i i i a r y  testing vhen, i t  is 

b e l i e v e d ,  t l i o t  thc najor p o r t i o n  of t h e  con tamina t ion  i s  i n t r o d u c e d .  

Second, much c l o s e r  c o n t r o l  will he kept zver 

Another  problem t h a t  h3s no t  y e t  been reso lved i s  t h a t  o f  reproduce- 

a b i l i t y  of c e l l  i a b r i c a t i o n .  A s  i n d i c a t e d  i n  S e c t i o n  3.3,  the performance 

o f  one of t h e  t h i r t y - o n e  cells ( i n  t e r n s  of d i s c h a r g e  v o l t a g e  on load)  

woe s i g n i f i c a n t l y  below a l l  ~f t h e  o t h e r s .  Although t h e r e  are several 

known causes for t h c  above pI.cnomena, t h e  e x a c t  c a u s e  cannot  be  s i n g l e d  

o u t .  (Some o f  t h e s e  causes  a r e  c a t a l y s t  activity, r e s t r i c t e d  m a n i f o l d s ,  

electrode flooding:,  a d  :.I : t ~ s i  ;t;ti~cc? coetrcrs). E;cn thougir a g r v o t  

d e a l  of  c a r e  is t a k e n  to i n s u r e  tile u n i f o m i t y  of tile raw n a t e r i a l s ,  

proceerlng and a s s c d 3 l y  t cc ' i - i ques ,  t? le  prob lem 113s nc: v e t  bcen r e s o l v e d .  

The o n l y  a c t i o n  w h i c h  can  be taken a t  t he  p r e s e n t  tine i n  r ega rd  to 

t h i s  p r o b l c n  i s  t o  rcplacc t l i c  ?)3d  c e l l  c r  c c l l s  w i t h  new ones. T h i s  

problem of coursc p o i n t s  to the need for  dcvc lop ing  more s e l e c t i v e  

component t e s t s  such a s  t h a t  f o r  c a t a l y s t  a c t i v i t y .  

. ,  
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6.1 Power and Vol t age  

The power o u t p u t  o f  t h e  f i r s t  p r o t o t y p e  r a n g e s  from 28 watts  

a t  1 amp t o  176 w a t t s  a t  8 amps ( f o r  31 c e l l s ) .  T y p i c a l  o p e r a t i n g  
n L voltages a t  30 m / c m  

c e l l  on cha rge .  

arc 0.8 v o l t  s / c e l l  on  d i s c h a r g e  and I . &  v o l t s /  

6.2  Upper C a p a c i t y  L i m i t  

The upper  c a p a c i t y  l i m i t  o i  t h i s  p r o t o t y p e  is approx ima te ly  

20 amp-hro w i t h  l i t t l e  o r  M float charge. The f l o a t  charge r c q u i r e -  

mente i n c r e a s e  r a p i d l y  v i r h  the state of c h a r g e  beyond the 25 m p - h r  

level a t  which a f loa t  c u r r e n t  of a p p r o x i n a t e l y  1 amp is r e q u i r e d .  

6.3 Increasing C a p a c i t x  

The upper  copaclt:: ! I ~ f t  7 . n ~  b c  s i 4 n i f i c a n t  ? y  increesed b$y t .c 

use of  four i n s t e a d  0 1  t h e  ct!rrent:y enp1o)ed  t w o  l a y e r s  cf ~ s b e s t o s  

e l e c t r o l y t e  bed. The u s e  n i  f l tkir  l a y e r s  would cause a small ( 6  p e r c e n t )  

r e d u c t i o n  i n  t h c  d i s c h a r g e  vol tc i :e  a t  f o u r  amps. 

6.4 Lower Di scha rge  L i m i t  

The c a u s e  fo r  the  i n 3 b i 1 i ~ ~ ~  of t h e  f i r s t  p r c a t o t b p e  t a  d i s c h a r g e  

below t h e  8 amp-hr l e v e l  has not as y e t  been e s t a b l i s h e d .  A s t r o n g  

p o s s i b i l i t y  c u r r e n t l y  under i n v e s t i g a t i o n  is t h a t  of  t h e  accumula t ion  

of inert gases w i t h i n  the e l c c t r o d e s .  

6.5 Cyc l ing  V o l t a g e s  

The ci iarging v o l t a g e  o f  the f i r s t  p ro to typc  is r e l a t i v e l y  c o n s t a n t  

( w i t h  a few p e r c e n t )  from beg inn ing  t o  cnd of  c h a r g e .  The discharcge 

v o l t a g e  is a l s o  c o n s t a n t  (with a f e w  p e r c e n t )  f o r  the m!or p a r t i o n  o f  

t h e  d i s c h a r g e  p e r i o d ,  b u t  d e c l i n e s  nea r  t he  end of d i s c h a r g e  ( t h e  

e x t e n t  o f  d e c l i n e  de?ends on t h e  o p e r a t i n g  c u r r e n t ) .  
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6 . 6  Cycling Temperatures 

Internal steady- state opera 

of 10 to fS C above room t e p c r a t u r e  

temperature for discharge. 

6.7 Prcblcn Areas  

Q 
ing t 8 q m z ? r t ~ t ~  are i n  t h e  range 

f o r  c i m m  a d  15 to ~ S O C  above room 

Important problem areas are i n t e r n a l  electrical shorts,  KOH 
contaminst ion w i t h i n  the cyl inders  and base p l a t e ,  and reproduceabil i t y  

of c e l l  fabr ica t ion .  

6.8  F i n a l  Unit Deve?c>pment 

Fabricat ion of the f i r s t  unit i s  prcceeding on schedule.  

A8Sembly of the f i r s t  u n i t  should beg in  early i n  February 1963. Tile f u e l  

cell portions will conta in  33 c e l l s  i n  each u n i t ,  and each cell will 

conta in  four(&) layers o f  asbestos with 1 . 2  p s  of 2dtrKOH/in . The 

gas c y l i n d e r s  and base plate w i l l  bc  made of  alumfntrm. 

w i l l  be  coattd w i t h  a KOH r e s i s t a n t  material .  

upper capac i ty  limits o f  a t  least  30 amp-hrs and s h c u l d  discrtargc? x i t h i n  

the  25 to 35 volt range.  

n a t e l y  89 pounds .  

2 

The latter parts  

The u n i t s  should have 

T o t d  weight of cadi u n i t  wi!! h e  npproxi- 
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7. PUB POR THE F'OURTF! QUARTER 

The major port ion  o f  the a c t i v i t i e s  during the fourth and final 

q t t r ~ e r  wi?? be devoted :o the f a b r i c a t i o n  of the porta for,  and assembly 

of, the f i n a l  u n i t s .  If a l l  delivery and f a b r i c a t i o n  scheduler are met, 

the assembly of the first unit  should begin i n  the e a r l y  part of 

February 1963 and the assembly of the  second should begin  in the latter 

portion of that month. This schedule w i l l  a l low for a l i m i t e d  

of preliminary t e s t i n g  and rework i f  necessary. 

Test ing of t h e  first prototypc will also be continued during t h i s  

period. The major objective o f  these t e s t e  will be t o  evaluate methods 

for improving operation a t  t he  lower discharge l i m i t .  
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